UNCLASSIFIED

v 414803

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation vhatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the bolder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



414803

TECHNICAL, NOIE R-45

DC
No. 414803

2

>

(e

A FORTRAN SUBROUTINE, 'O CALCULATE

{51'3 AMBIENT PROPERTIES AT VAR:OUS ALT.TUDES
<S5

O D

= C

»*.-

<T

D <r Prep -od By

William 3. W.:r. -

April, 1903

COMPANY INC.

HUNTSVILLE, ALABAMA




TECHNICAL NOTE R-45

A FORTRAN SUBROUTINE TO CALCULATE
AMBIENT PROPERTIES AT VARIOUS
ALTITUDES

April, 1963

Prepared For

DIRECTORATE OF MISSILE INTELLIGENCE
ARMY MISSILE COMMAND

By

SCIENTIFIC RESEARCH LABORATORIES
BROWN ENGINEERING COMPANY, INC.

Contract No. DA-01-009-ORD-1068

Prepared By

W. B. Warren



ABSTRACT

This subroutine uses geometric altitude either in Metric or
English units to calculate the corresponding atmospheric pressure,
density, temperature in both Rankine and Kelvin, speed of sound,
and acceleration due to gravity.

This subroutine will compute in either English or Metric
units, A control card is used to make this choice. The program is
written in FORTRAN 11l. This program may be obtained from the

Scientific Programming Section; Program No. SP32.
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LIST OF SYMBOLS

Subscript indicating basic or reference level
Speed of Sound
Local acceleration due to gravity

Effective acceleration of gravity at 45932'40",
8o = 9.80665 m sec~2

Geopotential altitude
Molecular-scale temperature gradient

Molecular Weight

Geometric meter

Geopotential meter

Subscript indicating sea level value
Atmospheric pressure

GM,
Constant "

3
Universal gas constant - 8, 31439 x 10 joules
k)7 k)

Average radius of carth ¢t = 6,371, 239.9 mecters,

Real kinetic temperature

Molecular scal here T, = (x)T
olecular scale temperature where M ('V

Altitude in geometric units



Atmospheric density

Ratio of specific heats of air CP/CV = 1.4



Computer

Symbols Symbols

G GRAV

H H

ALT ALT

T ATEMK

T © ATEMR

R
P APNMM
DEN

Cs S0s

PROGRAM SYMBOLS

Local acceleration due to
gravity

Geopotential altitude

Geometric altitude at which
properties are desired

Temperature
Temperature

Atmospheric pressure

Atmospheric density

Speed of sound

vi

Units
Metric

meters/aecz

meters

meters

Newtons/
meters

K /meter3

8

meters/sec

English

ft/rsecz

ft

ft

°Rr

1b/fté

Slugs/ ft >

ft/sec
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INTRODUCTION

This subroutine provides atmospheric density, pressure,
temperature, acceleration due to gravity, and geopotential altitude
in either Metric or English units, The density is forced to zero at
an altitude of 400,000 feet. A card, referred to as units, permits
this capability. If '"units' # 0, the units used are Metric. If
"units' = 0, the units used are English, Caution: The units of the
input must be the same as the desired output. CON50O must be equal
to O prior to entering the subroutine the first time.

The program has been checked out and has less than 0.5%
error where compared to Reference 1.

Library Functions Used:

EXPF



ANALYSIS

The equations listed below are extracted from Reference 1:

Geopotential altitude, H

/‘7/— rz

z+r

G = (y‘)(r:z)z

T = (Ta), + Ly (H- #)
/Ly,
P = Pb (7;_")6 } when Lm # 0
m
P - /DQ M »’/nn[;,,,--a
6 (Tm)b
PM
€ = xery
Y2




DISCUSSION

The computer program is based on Reference 1. The
functions used are those commonly used in main programs using
this subroutine. Because of this only about 1400 digits of

memory are required,

RESULTS

The results of the subroutine have been compared to the

data in Reference 1. The error is less than 0. 5%.



Start

CONS50 S

11
Diunension
AP (9, 4)
CONS50 - CON50 + 1

DO 12
l I

r
12

Read 105

-

4

l\ +
= Metric
Units cirie

Fonglish

1000
Comvert Alt & vy,
to Netii

500

(Papge 9)




Enter 570 from Page 4

500
Compute Geopotential
Altitude & Gravity

DO 202
1=2,9
202
H-AP(I, 1) - 10
i
203
J =1-1
Compute
Tem 0K
204 205
Compute b 0 Compute
Pressure Pressure
{Page 6)




Enter 206 from Page 6

2006

Compute
Density & SOS

+ Metric

“Knglish

502
Convert Gravity. Density,
Pressure, Speed of Sound
& Geopotential Altitude to
English Units

Y
501

Convert
o to oR

English

506

Density - 0
speed of Sound - 0




11

12

105

100

13

1000

500

202

203

204

205

FORTRAN RUN
PROGRAMMED BY W B WARREN
TRAJECTORY ATMOSPHERIC PROPERTIES
SUBROUTINE TAP EGRAV,ALT,ATEMK,APNMM,DEN,SOS,ATEMRD
IF ¥CONSODLl,11,13
DIMENSION AP%9,40D
CONSO # CONSO & 1.
D0 12 I ¥ 1,9
READ 105:APR14 10, AFE],20,AP%1430,APT],40
FORMAT %4E1%.8n
READ 100,UNITS
FORMATZELS.8a
IF gUNITSO500,1000,500
ALT # ALT/3.28083989
VL # VL/3.28083989
GRAV #9.806650%6371239,9/%A371239.9 & ALTaDes?
H # ALT26371239.9/%6371239.9 € ALTO
D0 202 1 # 2,9
IF tH - APXl,100203,202,202
CONTINUE
1 # 10
J ¥ I-1
ATEMK #APZJ,20L%H-APXJ,10NeAPXY, 30
IF TAPXJ,300204,20%,204
APNMMEAPY S 400 TAPT Y201/ ATEMKDIn®X,03416479/AP%J, 300
60 TO 206
APNMM # APNMM #2%7.102002.2050 / %3.28lee200

APNMMNAPX Y4 40/EXPFS%.0341647 AnegH-APTJ, lOO/APR),200
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206

502

501

601

600

5056

504

DEN #%3 .00348383940#APNMM/ATEMKD

SOS #20.046333¢ATEMKne S
{FYUNITSO501,502,501

GRAV # GRAVe3,28083989

ALT # ALY = 3.2808389

H ¥ H e« 3,2808389

DEN # DEN o %2.205/%3.28083989##300/32.1740n
SOS # S0S « 3,28283989

ATEMR # ZATEMK-273.160e%9,.,/5.0 & 491.69
IF ZUN]TS600,601,600

IF ZALT-400000.0504,504,505

IF ALY -121914.0504,504,505

DEN # O.

SOS # O.

RETURN

END
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